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ABSTRACT: 

PROBLEM TO BE SOLVED: To obtain a wear resistant coating layer free from 
segregation and good in adhesion without requiring working for thinning by 
subjecting a white metal layer with specified thickness and porosity coated on 
the bearing face of a bearing base material by a thermal spraying method to 
diffusion adhesion heating treatment at the temperature equal to or below the 
m.p. thereof. 

SOLUTION: The bearing face of a bearing base material 1 is roughened to 5 to 
50 μm Ra or 30 to 500 μm Rmax, preferably by blasting treatment and is 
thereafter thermal-spraved with white metal powder of 10 to 200 μm grain 
size at a high speed of 350 to 1 500 m/sec by a high speed flame spraying or the 
like. In this way, the bearing face is densely coated with a white metal layer 
2 to 1 to 30 mm thickness and ≤20% porosity. Next, this coated bearing base 
material 1 is heated to hold it at the temperature equal to or below the m.p. 
of the white metal, e.g. at 100 to 250°C for 30 min to 50 hr in a heating 
furnace and is subjected to diffusion adhesion treatment. In this way, the 
coating layer 2 is hardened to 18 to 35 Brinell hardness and is formed to 
≤10% porosity as well, and, moreover, a diffusion layer is formed on the 
boundary with the bearing base material 1 to the thickness of 2 to 200 μm. 
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ABSTRACTED-PUB-NO: JP2000017418A 
BASIC-ABSTRACT: 

NOVELTY - An antifriction coating layer (2) which a thickness of 1-30 mm is 
formed from white metal with a blow hole rate of 20% or less on the surface of 
a bearing base by thermal spraying process. The coated layer becomes the 
bearing surface. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for the 
antifriction coating layer formation method. 

USE - In e.g. radial bearing, thrust bearing. 

ADVANTAGE - Machining process for reducing the thickness of the white metal 
layer is eliminated as antifriction coating layer is formed from white metal 
with a blow hole rate of 20% or less. Excellent bearing surface with 
satisfactory adhesion to bearing base is obtained as coating layer is formed by 
thermal spraying process. 

DESCRIPTION OF DRAWING - The figure shows the bearing. (2) Antifriction 
coating layer. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Bearing parts characterized by forming in the bearing surface of a bearing base material the 
enveloping layer which it is 1mm - 30mm in thickness, and porosity becomes from 20% or less of white 
metal. 

[Claim 2] In the manufacture approach of bearing parts of having the antifriction coating layer which 
becomes a bearing base material from white metal To the bearing surface of a bearing base material, a 
white-metal layer by the thickness of 1mm - 30mm And coating down stream processing which porosity 
coats with the thermal-spraying approach to 20% or less precisely, The manufacture approach of the 
bearing parts characterized by said white-metal layer consisting of diffusion adhesion down stream 
processing which performs diffusion adhesion heat treatment by heating below at the melting point 
temperature of white metal with a heating furnace to the bearing base material by which coating was 
carried out. 

[Claim 3] It is the manufacture approach of the bearing parts according to claim 2 as for which use a 
high-speed flame-spraying method or a ultra high-speed flame-spraying method for the bearing surface 
of a bearing base material, carry out thermal spraying of the white metal to it at 350m/second - 1500m 
[/second ] high speed, and coating down stream processing makes the porosity of the coating layer of 
white metal 20% or less and which are characterized by a diffusion adhesion heat treatment process 
forming the porosity of the coating layer of white metal to 10% or less. 

[Claim 4] Coating down stream processing is the manufacture approach of the bearing parts according to 
claim 2 or 4 characterized by making a bearing thermal-spraying side into the surface roughness whose 
Ra is 5 micrometers - 50 micrometers, and whose Rmax is 30 micrometers - 500 micrometers by 
blasting processing before carrying out thermal-spraying construction of the white metal in the bearing 
surface of a bearing base material. 

[Claim 5] Coating down stream processing is the manufacture approach of the bearing parts according to 
claim 2 to 4 characterized by carrying out thermal-spraying coating of the white metal, spraying air or 
inert gas and cooling the temperature of a bearing base material less than to 200-degree Centigrade in 
case thermal-spraying construction of the white metal is carried out in the bearing surface of a bearing 
base material. 

[Claim 6] Coating down stream processing is the manufacture approach of the bearing parts according to 
claim 2 to 5 characterized by using powder with a particle diameter of 10 micrometers - 200 
micrometers or globular form powder as thermal-spraying powder of white metal. 
[Claim 7] Diffusion adhesion down stream processing is the manufacture approach of the bearing parts 
according to claim 2 characterized by carrying out heating maintenance of the bearing base material 
with which coating of the white metal was carried out with a heating furnace for 30 minute - 50 hours at 
100-degree Centigrade - 250 degrees which is below the melting point temperature of white metal. 
[Claim 8] Diffusion adhesion down stream processing is the manufacture approach of the bearing parts 
according to claim 2 or 7 characterized by forming a diffusion layer in the interface of a bearing base 
material and a white-metal layer at the thickness of 2 micrometers - 200 micrometers. 
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[Claim 9] Diffusion adhesion down stream processing is the manufacture approach of bearing parts 
given in either claim 2 characterized by making hardness of a white-metal layer into Brinell hardness 
18-35, claim 7 or claim 8. 

[Claim 10] Coating down stream processing to the bearing surface of a bearing base material as white- 
metal thermal-spraying powder Zero to 15% of the weight Sb, 0-10 % of the weight Cu, 0-20 % of the 
weight Pb, 0 - 30-% of the weight Zn, Sn radical white metal, such as Remainder Sn, or 0 - 50-% of the 
weight Sn, 0-20 % of the weight Sb, Cu, 0 - 1.5-% of the weight As, and the remainder zero to 5.0% of 
the weight Pb radical white metal, such as Pb, The manufacture approach of the bearing parts according 
to claim 2 to 6 characterized by Sn and using aluminum radical white metal, such as Cu, 2.0 or less % of 
the weight nickel, and Remainder aluminum, 0.5 to 5.0% of the weight five to 15% of the weight. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bearing parts which have antifriction coating which 
becomes the bearing surface of a bearing base material from white metal, and its manufacture approach. 
[0002] 

[Description of the Prior Art] White metal is lined by - ** in the bearing surface of a bearing base 
material. Lining of this white metal is performed by casting. After this casting dips a bearing base 
material in the organic solvent bath of 80 abbreviation Centigrade, fully carries out cleaning washing 
and then performs tinning or solder plating as surface treatment, it places and pours out white metal and 
lines it with casting or a centrifugal casting process. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since casting became thick [ a white metal lining 
layer ], there was a problem that needed to be machined after casting for thinning, and a white-metal 
layer had many presentation segregations, and the adhesion reinforcement of the white metal to a 
bearing base material became an ununiformity. 

[0004] Moreover, when bearing receives an unbalanced load, polar zone wear damage arises in a white- 
metal layer, and repair of this damage section is needed for it. However, casting was difficult to pile 
white metal and to carry out meat lining only in the damage section, and once the repair by casting 
dropped all white-metal layers, the problem which must line white metal was in the whole bearing 
surface. 

[0005] Moreover, this casting had cleaning which uses a lot of organic solvents as pretreatment, and 
plating as surface treatment, and had a problem also from work environment. This invention was made 
in order to solve this problem, it makes machining for thinning unnecessary, and moreover, a white- 
metal layer has few segregations and it aims at offering outstanding bearing parts also with good 
adhesion and its manufacture approach with a bearing base material 
[0006] 

[Means for Solving the Problem] This invention provides the following means in order to attain the 
above-mentioned purpose. Invention corresponding to claim 1 forms in the bearing surface of a bearing 
base material the enveloping layer which it is 1mm - 30mm in thickness, and porosity becomes from 
20% or less of white metal. 

[0007] Although it will become easy to exfoliate during thermal-spraying coating if the effectiveness of 
antifriction coating has the bearing parts of such a configuration, then the small thickness of a white- 
metal layer in less than 1mm and thickness exceeds 30mm When porosity forms a white-metal layer to 
20% or less by the thickness of 1mm - 30mm, while fully being able to acquire the effectiveness of 
antifriction coating It is hard coming to generate the exfoliation under thermal-spraying coating, and the 
plating processing as pretreatment is unnecessary to a bearing base material in a thermal-spraying 
coating method. 

[0008] In the manufacture approach of bearing parts of having the antifriction coating layer to which 
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invention corresponding to claim 2 becomes a bearing base material from white metal To the bearing 
surface of a bearing base material, a white-metal layer by the thickness of 1mm - 30mm And coating 
down stream processing which porosity coats with the thermal-spraying approach to 20% or less 
precisely, It is characterized by said white-metal layer consisting of diffusion adhesion down stream 
processing which performs diffusion adhesion heat treatment by heating below at the melting point 
temperature of white metal with a heating furnace to the bearing base material by which coating was 
carried out. 

[0009] According to such a manufacture approach, after it is 1mm - 30mm in thickness and porosity 
coats the bearing surface of a bearing base material with a white-metal layer by the thermal-spraying 
approach precisely to 20% or less, the adhesion force of a bearing base material and white metal can be 
made good by performing diffusion adhesion heat treatment by heating below at the melting point 
temperature of white metal with a heating furnace. 

[0010] In invention corresponding to claim 2 in invention corresponding to claim 3 coating down stream 
processing Use a high-speed flame-spraying method or a ultra high-speed flame-spraying method for the 
bearing surface of a bearing base material, and thermal spraying of the white metal is carried out to it at 
350m/second - 1500m [/second ] high speed. The porosity of the coating layer of white metal is made 
into 20% or less, and diffusion adhesion down stream processing is characterized by forming the 
porosity of the coating layer of white metal to 10% or less. 

[001 1] According to such a manufacture approach, in addition to an operation of invention 
corresponding to above-mentioned claim 2, bearing parts with few defects, such as pore, can be obtained 
in the coating layer of white metal. 

[0012] In invention corresponding to above-mentioned claim 2 or 3 in invention corresponding to claim 
4, coating down stream processing is characterized by making a bearing thermal-spraying side into the 
surface roughness whose Ra is 5 micrometers - 50 micrometers and whose Rmax is 30 micrometers - 
500 micrometers by blasting processing for white metal in it, before carrying out thermal-spraying 
construction to the bearing surface of a bearing base material. 

[0013] According to such a manufacture approach, it adds to an operation of invention corresponding to 
above-mentioned claim 2 or 3. The effectiveness of surface roughening is small less than 
[ Ra5 micrometer ] or less than [ Rmax30micrometer ], and the surface roughness of a bearing base 
material exfoliates during thermal-spraying construction, moreover, from the damage to a bearing base 
material becoming large if PURASUTO processing is carried out more than RaSOmicrometer or more 
than Rmax500micrometer Since the effectiveness of surface roughening becomes large by making a 
bearing thermal-spraying side into the surface roughness whose Ra is 5 micrometers - 50m and whose 
Rmax is 30 micrometers - 500 micrometers by PURASUTO processing, while exfoliating during 
thermal-spraying construction is lost, the damage of bearing base material HE can be made small. 
[0014] In invention corresponding to claim 2 thru/or either of 4 in invention corresponding to claim 5, in 
case the above-mentioned coating down stream processing carries out thermal-spraying construction of 
the white metal in the bearing surface of a bearing base material, it is characterized by carrying out 
thermal-spraying coating of the white metal, spraying air or inert gas and cooling the temperature of a 
bearing base material less than to 200-degree Centigrade. 

[0015] According to such a manufacture approach, it adds to an operation of invention corresponding to 
above-mentioned claim 2 thru/or either of 4. If the temperature of a bearing base material exceeds 200- 
degree Centigrade, a bearing base material will oxidize and a coating layer will become easy to 
exfoliate, moreover, from white metal oxidizing and fusing and good antifriction coating not being 
obtained In case thermal-spraying construction of the white metal is carried out in the bearing surface of 
a bearing base material, by carrying out thermal-spraying coating of the white metal, spraying air or 
inert gas and cooling the temperature of a bearing base material less than to 200-degree Centigrade 
While making it hard to exfoliate a coating layer as a bearing base material does not oxidize, good 
antifriction coating which white metal does not oxidize and fuse can be obtained. 
[0016] Invention corresponding to claim 6 is characterized by using powder with a particle diameter of 
10 micrometers - 200 micrometers or globular form powder for the above-mentioned coating down 
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stream processing as thermal-spraying powder of white metal in invention corresponding to claim 2 
thru/or either of 5. 

[0017] according to such a manufacture approach — above-mentioned claim 2 thru/or 5 — an operation 
of invention corresponding to either — in addition Powder particle diameter is hard to be accelerated also 
with a high-speed frame by less than 10 micrometers. High speed, From spraying efficiency worsening 
that melting is hard to be carried out by high-speed flame spraying, if a precise layer is not obtained, 
without the ability performing thermal-spraying construction by the high impact and particle diameter 
exceeds 200 micrometers By using the white-metal thermal-spraying powder whose particle diameter is 
10 micrometers - 200 micrometers in case coating construction of the white metal is carried out using a 
high-speed flame-spraying method and a ultra high-speed flame-spraying method While being able to 
carry out that it is easy to be accelerated with a high-speed frame, being able to carry out thermal- 
spraying construction by the high speed and the high impact and being able to obtain a precise layer, 
melting can make it be easy to be carried out by high-speed flame spraying, and spraying efficiency can 
be improved, moreover, the thing for which the powder configuration of white metal is made into a 
globular form — the air resistance at the time of thermal spraying ~ small — becoming — high speed and 
a high impact — thermal-spraying construction is carried out, it is precise and the big white-metal layer 
of the adhesion force can be obtained. 

[0018] In invention corresponding to claim 2 in invention corresponding to claim 7, diffusion adhesion 
down stream processing is characterized by white metal carrying out heating maintenance of the bearing 
base material by which coating was carried out with a heating furnace for 30 minute - 50 hours at 100- 
degree Centigrade - 250 degrees which is below the melting point temperature of white metal. 
[0019] According to such a manufacture approach, in addition to an operation of invention 
corresponding to above-mentioned claim 2, the heating maintenance for 100-degree less than Centigrade 
or less than 30 minutes of diffusion adhesion heat treatment is inadequate. Many defects, such as pore, 
remain in a white-metal layer, and the adhesion force with a base material also becomes small, 
moreover, a white-metal layer fuses in the heating maintenance exceeding 50 hours; and flow and fall, 
or [ exceeding 250 degree Centigrade ] From an opening defect being made to the interface of a bearing 
base material and a white-metal layer By carrying out heating maintenance of the bearing base material 
with which coating of the white metal was carried out with a heating furnace for 30 minute - 50 hours at 
100-degree Centigrade - 250 degrees which is below the melting point temperature of white metal While 
being able to lessen that fully perform diffusion adhesion heat treatment and defects, such as pore, 
remain in a white-metal layer, defects, such as opening, can be prevented from being generated in the 
interface of a bearing base material and a white-metal layer. 

[0020] Invention corresponding to claim 8 is characterized by diffusion adhesion down stream 
processing forming a diffusion layer in the thickness of 2 micrometers - 200 micrometers at the interface 
of a bearing base material and a white-metal layer in invention corresponding to either claim 7 or claim 
8. 

[0021] According to such a manufacture approach, it adds to an operation of invention corresponding to 
above-mentioned claim 7 or claim 8. By the thickness of less than 2 micrometers, the adhesion force of a 
bearing base material and a white-metal layer has a small diffusion layer. Since defects, such as opening, 
are made to a diffusion layer by the thickness exceeding 200 micrometers, moreover, by forming a 
diffusion layer in the interface of a bearing base material and a white-metal layer by diffusion adhesion 
heat treatment at the thickness of 2 micrometers - 200 micrometers While being able to enlarge the 
adhesion force of a bearing base material and a white-metal layer, it is lost that defects, such as opening, 
arise in a diffusion layer. 

[0022] In invention corresponding to either claim 2, claim 7 or claim 8 in invention corresponding to 
claim 9 diffusion adhesion down stream processing If it considers as such a configuration characterized 
by making hardness of a white-metal layer into Brinell hardness 18-35 It adds to an operation of 
invention corresponding to above-mentioned claim 2, claim 7, or claim 8. In less than 18 Brinell 
hardness, bearing sliding wear increases the hardness of a white-metal layer. If Brinell hardness 35 is 
exceeded, a white-metal layer with a good sliding wear property can be obtained by damaging a shaft or 
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making hardness of a white-metal layer into Brinell hardness 18-35 by diffusion adhesion heat treatment 
from wearing out. 

[0023] In invention corresponding to either claim 2 thru/or claim 6 in invention corresponding to claim 
10 coating down stream processing To the bearing surface of a bearing base material, as white-metal 
thermal-spraying powder 0 - 15-% of the weight Sb. 0 - 10-% of the weight Cu. 0 - 20-% of the weight 
Pb. 0 - 30-% of the weight Zn, Sn radical white metal, such as Remainder Sn, or 0 - 50-% of the weight 
Sn, 0-20 % of the weight Sb.0-5.0 % of the weight Cu, As and the remainder are characterized by Pb 
radical white metal, such as Pb, 5 - 15-% of the weight Sn, and using aluminum radical white metal, 
such as Cu, 2.0 or less % of the weight nickel, and Remainder aluminum, 0.5 to 5.0% of the weight zero 
to 1.5% of the weight. 

[0024] According to such a manufacture approach, in case diffusion adhesion heat treatment by heating 
maintenance is performed below at the melting point temperature of white metal in a heating fiirnace in 
addition to an operation of invention corresponding to above-mentioned claim 2 thru/or either of 6, with 
the eburnation by diffusion adhesion, Cu compound and Sb compound can be deposited and hardness 
required for an antiwear characteristic and a sliding property can be obtained. 
[0025] 

[Embodiment of the Invention] One gestalt of operation of this invention is explained with reference to a 
drawing below at a detail. With the gestalt of this operation, bearing parts are manufactured as follows. 
That is, it is 1mm - 30mm in thickness, and porosity coats the bearing surface of a bearing base material 
with a white-metal layer by the spraying process precisely to 20% or less. (Coating process) A heating 
furnace performs diffusion adhesion heat treatment by heating below at the melting point temperature of 
white metal after that to the bearing base material with which coating of the white metal was carried out 
by the above-mentioned coating process (diffusion adhesion down stream processing). 
[0026] Especially, in the above-mentioned coating process, a high-speed flame-spraying method or a 
ultra high-speed flame-spraying method is used for the bearing surface of a bearing base material, 
thermal spraying of the HOWAI ** metal is carried out to it at 350m/second - 1500m [/second ] high 
speed, and the porosity of the coating layer of white metal is formed to 20% or less here. 
[0027] Moreover, in a coating process, before using a high-speed flame-spraying method or a ultra high- 
speed flame-spraying method for the bearing surface of a bearing base material and carrying out 
thermal-spraying construction of the white metal in it, by blasting processing, Ra makes it 10 
micrometers - 35 micrometers, and Rmax makes more preferably 5 micrometers - 50 micrometers of 30 
micrometers - 500 micrometers of bearing thermal-spraying sides 100 micrometers - 400 micrometers 
surface roughness. { 

[0028] Furthermore, in a coating process, in case a f high-speed flame-spraying method or a ultra high- 
speed flame-spraying method is used for the bearing surface of a bearing base material and thermal- 
spraying construction of the white metal is carried out in it, thermal-spraying coating of the white metal 
is carried out, spraying air or inert gas and cooling the temperature of a bearing base material less than to 
200-degree Centigrade. 

[0029] Moreover, in a coating process, in case thermal-spraying construction is carried out using a high- 
speed flame-spraying method or a ultra high-speed flame-spraying method, the thing of a 30 
micrometers - 150 micrometers diameter is more preferably used the particle diameter of 10 
micrometers - 200 micrometers as thermal-spraying powder of white metal. 

[0030] Furthermore, in a coating process, in case thermal-spraying construction is carried out using a 
high-speed flame-spraying method or a ultra high-speed flame-spraying method, globular form powder 
is used as thermal-spraying powder of white metal. 

[0031] In case white metal is used for the bearing surface of a bearing base material and thermal- 
spraying construction is carried out in a coating process, a high-speed flame-spraying method or a ultra 
high-speed flame-spraying method furthermore, as >yhite-metal thermal-spraying powder Zero to 15% of 
the weight Sb, 0-10 % of the weight Cu, 0-20 % of the weight Pb, 0 - 30-% of the weight Zn, Sn radical 
white metal, such as Remainder Sn, or 0 - 50-% of the weight Sn, 0-20 % of the weight Sb, Cu, 0-1.5- 
% of the weight As, and the remainder use aluminum radical white metal, such as Pb radical white 
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metal, such as Pb, 5 - 15-% of the weight Sn, 0.5-5.0 % of the weight Cu, 2.0 or less % of the weight 
nickel, and Remainder aluminum, zero to 5.0% of the weight. 

[0032] On the other hand, in the above-mentioned diffusion adhesion heat treatment process, heating 
maintenance of the bearing base material with which coating of the white metal was carried out by the 
above-mentioned coating process is more preferably carried out at 170-degree Centigrade - 230 degrees 
with a heating furnace for 5 hour - 30 hours for 30 minutes to 50 hours 100 - 250 Centigrade which is 
below the melting point temperature of white metal. 

[0033] In this diffusion adhesion heat treatment process, 2 micrometers - 200 micrometers of diffusion 
layers are more preferably formed in the interface of a bearing base material and a white-metal layer at 
the thickness of 5 micrometers - 100 micrometers. 

[0034] Furthermore, hardness of a white-metal layer is set to the PURINERU degree of hardness 18 
thru/or 35 in the above-mentioned diffusion adhesion heat treatment process. The bearing parts produced 
by the manufacture approach which was mentioned above are illustrated to drawing 1 thru/or drawing 
2. 

[0035] Drawing 1 shows the case where it applies to radial bearing, and forms the white-metal 
enveloping layer 2 in the internal surface of the shape of a cylinder of the bearing base material 1. 
Drawing 2 shows the case where it applies to thrust bearing, and forms the white-metal enveloping layer 
4 in the flat surface of the bearing base material 3. 

[0036] While folly being able to acquire the effectiveness of bearing antifriction coating and a sliding 
property in each above bearing parts since the heating furnace is performing diffusion adhesion heat 
treatment by heating below at the melting point temperature of white metal after it is 1mm - 30mm in 
thickness and porosity coats the bearing surface of a bearing base material with a white-metal layer by 
the spraying process precisely to 20% or less, exfoliation of a coating layer can be made hard to 
produce. 

[0037] Moreover, since the porosity of a white-metal layer is made 20% or less, the bearing parts which 
were excellent in very few antiwear characteristics of pore and a sliding property with diffusion 
adhesion heat treatment by heating maintenance in a heating furnace can be obtained. 
[0038] Furthermore, a high-speed flame-spraying method or a ultra high-speed flame-spraying method 
is used. Since heating maintenance is carried out below at the melting point temperature of white metal 
in a heating furnace and diffusion adhesion heat treatment is performed, after carrying out thermal 
spraying of the white-metal powder to the bearing surface of a bearing base material and coating it with 
it at 350m/second - 1500m [/second ] high speed, The porosity of the coating layer of white metal can be 
formed to 10% or less, and bearing parts with few defects, such as pore, can be obtained in a white- 
metal layer. 

[0039] Moreover, while it is lost that fully perform diffusion adhesion heat treatment and defects, such 
as pore, almost remain in a white-metal layer by the diffusion adhesion heat treatment process since 
white metal is carrying out heating maintenance of the bearing base material by which coating was 
carried out for 30 minute - 50 hours at 100-degree Centigrade - 250 degrees which is below the melting 
point temperature of white metal in a heating furnace, it decreases that defects, such as opening, arise in 
the interface of a bearing base material and a white-metal layer. 

[0040] Furthermore, since the diffusion layer is formed in the interface of a bearing base material and a 
white-metal layer at the thickness of 2 micrometers - 200 micrometers, while being able to enlarge the 
adhesion force of a bearing base material and a white-metal layer by the diffusion adhesion heat 
treatment process, that defects, such as opening, arise in a diffusion layer decreases. 
[0041] Moreover, by the diffusion adhesion heat treatment process, since hardness of a white-metal 
layer is set to Brinell hardness 18 thru/or 35, a shaft cannot be damaged but hardness required for an 
antiwear characteristic can be obtained. 

[0042] Moreover, since the bearing thermal-spraying side is made into the surface roughness whose Ra 
is 5 micrometers - 50 micrometers and whose Rmax is 30 micrometers - 500 micrometers by blasting 
processing, while enlarging effectiveness of surface roughening and exfoliating during thermal-spraying 
construction is lost, the damage of a bearing base material can be made small. 
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[0043] Furthermore, since thermal-spraying coating of the white metal is carried out spraying air or inert 
gas on a bearing base material, and cooling the temperature of a bearing base material less than to 200- 
degree Centigrade in case thermal-spraying construction of HOWAITOME evening RU is carried out 
using a high-speed flame-spraying method or a ultra high-speed flame-spraying method, while neither a 
bearing base material nor a white-metal layer oxidizes and a coating layer stops being able to exfoliate 
easily, the good bearing parts with which neither a bearing base material nor white metal oxidizes can be 
obtained. 

[0044] Moreover, while becoming that it is easy to be accelerated with a high-speed frame and being 
able to obtain a precise layer by thermal-spraying construction by high speed and the high impact since 
the thing with a particle diameter of 10 micrometers - 200 micrometers is used as thermal-spraying 
powder of white metal in case thermal-spraying construction of the white metal is carried out using a 
high-speed flame-spraying method or a ultra high-speed flame-spraying method, melting becomes is 
easy to be carried out by high-speed flame spraying, and spraying efficiency can make good. 
[0045] Furthermore, since globular form powder is used as thermal-spraying powder of white metal in 
case thermal-spraying construction of HOWAITOME evening RU is carried out using a high-speed 
flame-spraying method or a ultra high-speed flame-spraying method, the air resistance at the time of 
thermal spraying becomes small, by thermal-spraying construction by high speed and the high impact, it 
is precise and the big white-metal layer of the adhesion force can be obtained. 

[0046] In case thermal-spraying construction of the white metal is carried out using a high-speed flame- 
spraying method or a ultra high-speed flame-spraying method, moreover, as white-metal thermal- 
spraying powder Zero to 15% of the weight Sb, 0-10 % of the weight Cu, 0-20 % of the weight Pb, 0 - 
30-% of the weight Zn, Sn radical white metal, such as Remainder Sn, or 0 - 50-% of the weight Sn, 0- 
20 % of the weight Sb, Cu, 0-1 .5-% of the weight As, and the remainder zero to 5.0% of the weight Pb 
radical HOWAITOME evening RU, such as Pb, 5 - 15-% of the weight Sn, 0.5-5.0 % of the weight Cu, 
since aluminum radical white metal, such as Nl and Remainder aluminum, is used 2.0 or less % of the 
weight, In case diffusion adhesion heat treatment by heating maintenance is performed below at the 
melting point temperature of white metal in a heating furnace, with the eburnation by diffusion 
adhesion, Cu compound and Sb compound can be deposited and hardness required for an antiwear 
characteristic and a sliding property can be obtained. 

[0047] On the other hand, repair formation of the part can be easily performed by the manufacture 
approach which bearing mentioned above when local wear damage arose in a white-metal layer in 
response to an unbalanced load. Moreover, pore is precise few in a white-metal layer by manufacturing 
the bearing for generation-of-electrical-energy systems by the manufacture approach mentioned above, 
and since adhesion with a bearing base material is also good, the high-speed Takani pile bearing can be 
obtained. 
[0048] 

[Example] Hereafter, a concrete approach [ the bearing parts based on the gestalt of this above- 
mentioned implementation and its manufacture approach ] example is explained. 
As a bearing base material, to 300mm long, 500mm wide, and carbon steel (SS41) with a thickness of 
250mm The diameter of 320mm, (Example 1) Bearing of a semicircle pilaster with a die length of 
300mm is prepared, the bearing surface is considered as thermal-spraying pretreatment, and it is a 
blasting pressure at alumina grit (#15) with a blasting machine 4kg/cm2 After setting surface roughness 
to Rmax250micrometer ultra high-speed flame spraying (H.P./HV0F) - JP-5000 thermal spraying 
which is - ** of law - white metal (it Sb(s) 9.0% of the weight) Thermal spraying was performed at 
1200m [/second ] superhigh speed using the thermal-spraying powder (the spherical-powder end of 30- 
100-micrometer particle diameter) of 5.5 % of the weight and Remainder Sn, and the thickness of 10mm 
was coated. Moreover, air was sprayed on the bearing base material during thermal spraying, and 
temperature of a bearing base material was made into 150-degree Centigrade. The porosity of the 
coating layer at this time was 3%. 

[0049] Next, heating maintenance of this coated bearing base material was carried out by 200-degree 
Centigrade in the heating furnace for 36 hours, and diffusion adhesion heat treatment was performed. 
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The porosity of the coating layer after this diffusion adhesion heat treatment was 1.0%. Moreover, the 
diffusion layer thickness of the interface of a bearing base material and a coating layer was 10 
micrometers. Then, the front face of the coated white-metal layer was finish-machined to the granularity 
not more than Ra0.25micrometer by machining. 

[0050] And the bearing parts obtained by doing in this way were used for the bearing sliding trial. It 
uses centering on the rod of the cylindrical shape of the diameter of 300mm of 12Cr steel, and a bearing 
sliding trial is the planar pressure of the bearing surface 200kg/cm2 It carried out and the shaft was 
rotated by 3,000rpm for 1 hour. j 

[0051] There is no blemish etc. in the shaft of a bearing sliding test result and 12Cr steel, and printing 
did not take place, either. Moreover, there were no blemish and polar zone wear damage which also 
become the white-metal layer which bearing coated with a problem, and the sliding property was good. 
And the white-metal layer was almost worn out and **** and an antiwear characteristic were also good. 
[0052] Thus, outstanding bearing parts can be obtained. 

As a bearing base material, to 300mm long, 500mm wide, and carbon steel (SS41) with a thickness of 
250mm The diameter of 320mm, (Example 2) Bearing of a semicircle pilaster with a die length of 
300mm is prepared, the bearing surface is considered as thermal-spraying pretreatment, and it is a 
blasting pressure at alumina grit (#15) with a blasting machine 4kg/cm2 After setting surface roughness 
to Rmax250micrometer high-speed flame spraying (HV0F) ~ diamond MONTO jet (DJ) thermal 
spraying which is - ** of law - white metal (it Sb(s) 9.0% of the weight) Thermal spraying was 
performed at 850m [/second ] superhigh speed using the thermal-spraying powder (the spherical-powder 
end of 30-100-micrometer particle diameter) of 5.5 % of the weight and Remainder Sn, and the 
thickness of 15mm was coated. Moreover, air was sprayed on the bearing base material during thermal 
spraying, and temperature of a bearing base material was made into 180-degree Centigrade. The porosity 
of the coating layer at this time was 7%. 

[0053] Next, heating maintenance of this coated bearing base material was carried out by 200-degree 
Centigrade in the heating furnace for 45 hours, and diffusion adhesion heat treatment was performed. 
The porosity of the coating layer after this diffusion adhesion heat treatment was 1 .5%. Moreover, the 
diffusion layer thickness of the interface of a bearing base material and a coating layer was 15 
micrometers. Then, the front face of the coated white-metal layer was finish-machined to the granularity 
not more than Ra0.25micrometer by machining. 

[0054] And the bearing parts obtained by doing in this way were used for the bearing sliding trial. It 
uses centering on the rod of the cylindrical shape of the diameter of 300mm of 12Cr steel, and a bearing 
sliding trial is the planar pressure of the bearing surface 200kg/cm2 It carried out and the shaft was 
rotated by 3,000rpm for 1 hour. 

[0055] There is no blemish etc. in the shaft of a bearing sliding test result and 12Cr steel, and printing 
did not take place, either. Moreover, there were no blemish and polar zone wear damage which also 
become the white-metal layer which bearing coated with a problem, and the sliding property was good. 
And a white-metal layer was hardly worn out, but the antiwear characteristic was also good. 
[0056] Thus, outstanding bearing parts can be obtained. 

As a bearing base material, to 300mm long, 500mm wide, and a pure copper with a thickness of 250mm 
The diameter of 320mm, (Example 3) Bearing of a semicircle pilaster with a die length of 300mm is 
prepared, the bearing surface is considered as thermal-spraying pretreatment, and it is a PURASUTO 
pressure at alumina grit (#30) with a blasting machine 4kg/cm2 After setting surface roughness to 
Rmaxl20micrometer ultra high-speed flame spraying (H.P./HV0F) - JP-5000 thermal spraying which is 
- ** of law - white metal (it Sb(s) 9.0% of the weight) Thermal spraying was performed at 1200m 
[/second ] superhigh speed using the thermal-spraying powder (the spherical-powder end of 30-100- 
micrometer particle diameter) of 5.5 % of the weight and Remainder Sn, and the thickness of 15mm was 
coated. Moreover, air was sprayed on the bearing base material during thermal spraying, and 
temperature of a bearing base material was made into 120-degree Centigrade. The porosity of the 
coating layer at this time was 3%. 

[0057] Next, heating maintenance of this coated bearing base material was carried out by 220-degree 
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Centigrade in the heating furnace for 36 hours, and diffusion adhesion heat treatment was performed. 
The porosity of the coating layer after this diffusion adhesion heat treatment was 0.8%. Moreover, the 
diffusion layer thickness of the interface of a bearing base material and a coating layer was 40 
micrometers. Then, the front face of the coated white-metal layer was finish-machined to the granularity 
not more than Ra0.25micrometer by machining. 

[0058] And the bearing parts obtained by doing in this way were used for the bearing sliding trial. It 
uses centering on the rod of the cylindrical shape of the diameter of 300mm of 12Cr steel, and a bearing 
sliding trial is the planar pressure of the bearing surface 200kg/cm2 It carried out and the shaft was 
rotated by 3,000rpm for 1 hour. There is no blemish etc. in the shaft of a bearing sliding test result and 
12Cr steel, and printing did not take place, either. Moreover, there were no blemish and polar zone wear 
damage which also become the white-metal layer which bearing coated with a problem, and the sliding 
property was good. And a white-metal layer was hardly worn out, but the antiwear characteristic was 
also good. Thus, outstanding bearing parts can be obtained. 
[0059] 

[Effect of the Invention] As mentioned above, according to this invention, machining for thinning 
becomes unnecessary, moreover, a white-metal layer has few segregations and the outstanding bearing 
parts which can also make adhesion with a bearing base material good, and its manufacture approach 
can be offered. 
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5 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



4/28/06 



(i9)B*BfcfW (jp) (12) & H 4# 1ft & (a) mmam^mm^ 

#182000-17418 

(P2000-17418A) 
(43)&R| B *m2¥ 1 fll8 B (2000. 1. 18) 



(so intci.' mim^ fi f-w-r(^#) 

C 2 3 C 4/08 C 2 3 C 4/08 3 J 0 1 1 

4/02 4/02 4K0 2 8 

4/18 4/18 4 K 0 3 1 

10/28 10/28 

F 1 6 C 33/12 F 1 6 C 33/12 Z 

ssafcR # ai«Ji©ft9 ol (£ n H) 





ftH¥10- 182432 


(71)UKA 


000003078 










(22)ffiBB 


¥J«10¥ 6 J129 B (1998. 6. 29) 












&m mn 
























SlBB B£ 






















(74)ft8A 


100058479 








#a± «a: as* «t6«) 










(54) [£W<0%ffi 









(57) im] 



[Milium «S»JlOt4Sffitlmm~3 0mmO 




4/28/06, EAST Version: 2.0.3.0 



1 

im$m 1 3 WgSWWttgffifc lmm-3 0mm<0 
T> ifigatt^mgBtc. *<7-f m?jM|£ 1 mm- 

nmx-^-T < yfti^-Tj yymmiMt , fine 

&7U-A}§St&£fflVvc, 350m/^1 500m 

rm^nm* 2 o%ixrt u mmmmmxm 
it. y*?)V<r>3-7-4>7mrifpZU&* 1 0% 

WTtc^fiR-?-!. £ t Sr^Si: f SIM 2fS»<0|ftga& 
MRm a x# 3 0 u m~ 5 0 0 u mOSHJ fc-tl> £ 

^ffitt^*** w»rciw»fwaKtiRtt2 0 ojg 

KEtt<Ol»S*i8i**3i#i£. 

n^)jgS«B* k t TEH^S 10wm-2 0 0/im^ 

/KOHW5fflflEJaT'C*68tR 1 0 Og-2 5 OST'3 0 

#-5 0 #mmm*% ztzimt ?in&& 2 11 

zmmhztimLt?hm$%2x\mmm 
imo*9} tmrnmrnxmi. m 9 mil 

fc^y */W8W 18-35 tfS £ fc Sr^Stt 
Sil*JB2 s ltOTI7XI4lll«JI8<0V^'m*»(ClEB« 



2) &IS2000-17418 

2 

[»#s 1 0 ] 3-r < y/jaaisii, ttgatto 

%Sb. 0~10a&%Cu. 0~20Sfi%Pb, 0 
-30tl%Zn, $SBSn3?<7)Sn»* , 74 
/K ££iiO-5 0M%Sn. 0-2 0M%Sb, 
0-5. 011%Cu, 0-1. 5a*%As.SS&Stf 
Pb^PbStfV-f Y*9)V. 5-15M%Sm 
0. 5-5. 0ll%Cu. 2. 0tt%WTNi.« 
SBA 13*7)A lg*-^ M?;P£fflv^«fcofcLrt:£ 

10 t zmt -r&m% 2 nmmm e <n\ vftawceo 

[fftWoBttflrSWl] 
[000 1] 

[0002J 

tt. «Sa«Sr^ft8 0S^t8)^i|j§tc:?t«LT+ 
[0003] 

x\ mmLkzum.<ntjhmma3fimx'h*) » a 
[ 0 0 0 4 ] Msufinm^stti k . *v>f h 

[0005] ttz. znmmmi. mwmt lt^sw 
40 tmmzm txcomim^rmmt lx<t>* •/ 

[0006] 

UCWJW-*»fl«t. SttSSWOttSffiC 1 mm-3 0 
50 mmOJf §T*>0^fL$A<2 0%OTO*'7'f M 



4/28/06, EAST Version: 2.0.3.0 



(3) 

3 

[0007] icoxo %m&?>®&&& b-ttm. *7 

7<rm%m^<. W$*<3 0mm£|8;i4fci§St3- 
m m- 3 0 m m^Jf $ ?Stfl$A { 2 0 XHTlCjMWt 

t **T'# s t we. ?§W3-r >?*<mm& tm 

TW* "x^JHWqqBT** . 10 
[0008] 8*#B2fc*H6-f£8i«i. 

>f b>^;H?: 1 mm~3 0 mm^Jf $T"*^7L** { 
2 0 %OTfc^fcSMtfi£"C3 -"r < yyt^-T 

jiSSMOaTTiaRKJ: *t^«H!M!]3*ff 3 

[ 0 0 0 9 ] dOi 3 =5rSSfit^ic ifttf , IKSttW 20 
WSHtC> *7-f M^/HSlmm~3 0mm«)|[S 
-r*»o«?L**« 2 0%OTt=®^fc:^lt*ftT3-r * 

ttfc*74 M * A*)*** £ Atftzt hZb 
4. 

imTsmyis-iximmim^x. 3 5 om/^-i 5 30 

OOm/^KUtrmtLT. *74 M*A*53- 
r 4 2 0 %JXFt L . t£K?»«iai 

Sli. *74 M *A^a-5^ y^^JBL** 1 0 
%HkT£m.+l -I 5r#S! t "f 4 . 
[00113 .IWJ: 3*ttt#tt<cJ:iitf , ±£M*JS 
2tettJE^4l6^#JB£2lD;lT, *74 M*A<7)3 

fc#?£4. 

[0012] «W0B4t=«JE1- *JHHtt» ±101**2 
Xti3fc*tJ&t4?&9]fc:i3Vvt« 3-r-f y/flUHg 40 

~50//m, ^7t{iRmax* { 3 0jum~5 0 0//mcO 
«pffl$ t-f 4 w t * w& t . 
[0 0 13] £Oi3*Mft3*S£J:*UX. iJEiMSS . . 

BPH$**R a5/i mOT4fcJ2Rm a x30j« mtlTT' • 

5 0 m mJJlt£ Jt(iRm a x 5 0 0 u mVlklzTy * V 
9mt& b ®%Mtt^coy* <%&Zbfr 50 



^112 0 0 0-17418 

4 

5 0m, 4fcfiRmax#3 0jum~5 0 0jum?):Sffi 

[0014] m&stzm-t&wm. mx%2?m 
Aw-rtiMzttfc-r&miizti^x, ±iEa-T-f> 

fmxUte. M5aWWlWlBt*7-f M*A*» 

3aBfa>a*£«B;2 o ogOTKftaiL&a^tfvw 

M ?A-£$Sf 3-r yf-Th Z t tth . 
[0015] £Oj: d =ar«B£«rifet:J:*UX. JJE8W5B 
2^40^-ffl*>fc*tJE^4^co^fflCj!lDX.T. tt 

gaw^ae^sft 200 s^s i. 4 1 mgnr 
lX3-T<yffBtf¥mi&<%'). tfzKyJh* 

2 0 ojmTizftmiztft,*? 
a htfrnm^-T* y?-t zzkizx*). tisa 

\^mtMmfc-T < y?m& z t tfx-z 4 . 
[0016] mme izmi-zmi*. mm2jbm 
5«ov^-m*HcMJE-r4^BBHfcoT, ±ffi3-f--fy 

10x/m~2 0 0^mcO^*, X(i«J^^*$:ffl^4 

£i:Sr#mt-r4. 

[0017] £<7)j: a *«a*ftfc j:<xtf. ±en$« 

m-Wfi 1 0 m mj|c«TI«Bl7 U-AX'htMZtiM 

<. &mt. mm'nmttffijLtfx-z-fmmmtf 

-&mx'm.ztim<miim#B< ^4 ztfrb. 
&T&yu-j*mm. Mm&yis-^mmzm^x* 
va h*?ji*3-f-< yyffix-thmzm^wti 0 

Am-2 0 0*im<?)*7'f ^/^tt^*2rfflV^4^ 
ffiSt'£0?§StMlSr LTi©^15:f#4 ^ k tfX'Z 4 1 

^yu-j*mmmi2tiM<Lx. mm 
mtzmzi-zztizx*). mttmozm&tiitf'i^ 

[0018] HM5B7 t*fjwi»wi. msm2\zft 

fiVtfi-T-l y?2iit:®&mtt£. M!&X'*v4 

9iv<mjmmTX'hh&& 1 o os-2 5 os 

T 3 0 ^~ 5 0 tt»ti £ t b 1 4 . 
[0019] Z<7)£ 3 ^rSS^fc i^tf. ±ffiH^S 



4/28/06, EAST Version: 2.0.3.0 



(4) 

5 

ttt<0^«^t^<^ l 9. ££g*ft2 5 0g£jg;i£ 

)v<nwj&mmx'hhm& i o os~2 5 ost-3 o 
^5ommmth^t\,z3i^. tm&mm io 

i-zztifix-zz. 

[0020] m$i88izjtfm-t&mni. mxmxtt ■ 
mm^-rtiMzm-rimuzti^x. m&w» ;• 

ftl*2ium~2 0 0iumOJPSfc:»jfit-6ii:t1*a ; 

k-r4. 

[0021 ] ^.J: 3&S3t**fc«ktU;f. JJEMSS '20 

7xiimm8£ttgi-t&mie>ftmtzmx. mm 

*<2^m*)1t<OJ|[$t-<ifftSa«t* T 7'f M^«k 
<0*»**«/hS < . it: 2 0 0 ju mfcHiSWSTIitt 
iWtCllPfWW)^^* 4 £ k &«5t®«j&*!l 

mxm^mtt^^ M*;wifca*n(cieKi*2 

um-20 0um(r>m%l l ZMf!i-tZ>ZblZ]:«). HMEtt 

<&4. 

[0022] w$X9 Mtto-t&ftmt* m&2 . a 30 

*fl 7 XI4M £31 8 COV vtfhjWctfj&t 4 3»||fcti H 
T, fctfc&^SlXgtJ:. *W M?^/I<?)?i§£7* 
•J *;WME 1 8 - 3 5 k -f 4 Z k ZWk 1 1 4 Z <n J: 0 
Km&ttiM. ±IBM^JS2, lf*3a7X(ifl«3l8 

izttfot&mmftmztotx . *<7^f m^h** 

$ £ 7 'J *;WBK 1 85l^<iNfffl»*»6ft<£ < * 

a £ t «t 0 , mmmMmxKvj v * tivmnm 

£7U*/^18~3 5k^4£k£J:9fg$)g«# 
ttOftff**7-f M:?/Wg£#4.rka<T'#4. 40 

[0023] mm i o fc*tiet* jwstt, 2n 
mmxtix. o~i5«*%sb. o-ioii% 

Cu. 0~20fi»%Pb. 0~30S«%Zn, ' 

Sru 0~20fiJ;%Sb. 0~5. OII%Cu, 0 
-1. 5«4%As. . S^^Pb^OPbS*V-f b 
5~15fifi%Sn, 0. 5-5. 0SS%C 
u . 2 . 0M%fclTN i . g&A 1 t?OA 1 mfcVA 50 



1f 132000-174 18 

6 

hx?)\s*m^h£?iziKztzmLt?h. 

[0024] z<ni. o ^cMit^jSCctiitf , USf^B 
4&Sc?g«SM!ia^ff o RC. ttlHWfc: J: 4©^bt 

mz. cuft^i. sbit&tozviftintx. mmm 

tt, JgfjftttK^&H? £#4 C k 4 . 
[00253 

[*WI*>S<aitf>»»] JaTt=***«««lW)HBJDit:o 

^xmmimiLxmMizwfflth. tm&nmmx 

SattWttgffltC, *<7-f h^^;HJ 1 mm~3 0m 
mtf>«Sr*»oJK?l**<2 0XJaTtoBW=««ife'C3 

-r •< y y-t 4 . (3-f-< yyjM ) z?>®. ±ien 

-r-f y?JMizk*)-fcv4 hXf/Vtfn-Tiy/Z 

ixt3$&&tfizttix. tmspx-xyj Y**/wm& 
maTx^tztmmmkmzfto itmm 
mum) . 

[0026] ;:tl$c ±iB3-f-'f>'7xsti3v^ 
imrn£Mtfmmyu-j*mmm^x. 350m 

/^~l 5 0 0m/#<OiSj$£TitStL-C, *7^f 

?;w3-f -f yymnmM* 2 ox&cnzBfgtf- 
4. 

[0027] 3-T-f>/lS(Cfcv^T. M«S 

S?§ltffiSr h^aCJ: t R a** 5 u m~ 5 0 /x 
m, J:0ffiL<{il 0/zm~3 5^m, ^W±Rma 
x^'3 0Atm~5 0 0/zm, i *)#£ L<« 1 0 0//m 
~4 0 0 u mc7)^ffifi$C-t4 . 
[0 0 28] 

Mttm&y \s-j*®%mzm^xmwi.t$>mz. 

ft2 0 0&fcm^»t&# { 4.* , 7'f h^^^Srjilta 
-r-fV7-f4. 

[00 29] 4fc. 3-T<y?imiZt3^X. i^3E7 

sfei-r4Rt, *«7W hxtiwmwi&t ix&Tm 

1 0/xm~200jum N i KitS 5 
0 u mOM<r> t OSrffi ^4 . 
[003 0] §4>C 3-r-f>7Xgt*3V%T. 

7u-j>®m;£t:teimm7u-j*mimzm^x® 

<0^*2:fflv^4. 

[0 03 1]S*>{C, n-r-fy^IgtciJV^T, MS 

tzitmmy]y-^msimim^xmm.-ri>mz. 

*74hX?)U®m&klX. 0-15M*%Sb. 



4/28/06, EAST Version: 2.0.3.0 



7 

0~10fift%Ciu 0~20M%Pb, 0-30* 
i%Zn. SSBSng^Sna*^ t>X?/k ttzit 
0~5 0M%Sn, 0~20«ft%Sb. 0-5. 0 

ma%cu, o~i. 5ia%As, mmpbmop 

b3S*7>fM*rt\ 5-15lI%Sn, 0. 5~ 
5. 0ll%Cu, 2. 0M»%OTN i , ZffiA 1 9 

[ o o 3 2 1 M?mL$m?mmTmzt3^x . 
ia«iaiTc*4Sftioo*-2 5o*. j:9ff*i,< 

l4SSftl7 0*~2 3 0arC3 04i-^5 0B*|SL J; Off 
4 L < (2 5 BflBK 3 0 iMUnlMH*?*' . 

[ o o 3 3 ] z<nwms%mtmjMizt5vx. wsa 

tti*-7-{ M*;Wlfc^Hfc8aWl*2jum~2 0 

[0034]$ fee ±3ffiffl&§fm®i.n£t$^ 

SPfpSr 01 ftMIl 2 iZfmrt & . 
[00353 01 Ji5 ^TUmtmM 

b * * /HftSl 4 £ JEW Uc t> Wife 6 . 
[0036] ULhfli 3SrStt««ftfc*NvC, ttlSS 
ftcOttgffie *7-f M:?/Wf£lmm~3 0mme9 
JI £ X't^m.m^ 2 0 XJaTfc«MPt:JSS«6-C3 -r 

Txamzxmmmmmirm-ox^htzib, m 

btfX'ZhbMz. a-r< >?JS<OMmt:£.tm<i- 
&ZbWX'%h. 

[00 3 7] tiz. hX?>umcr>m&£ 2 0% 

[ 0 0 3 8 ] $ fee iS&7 U-A*»ife*fc(i«Sa[ 
X 3 5 0 m/#~~ 1 5 0 0 m/#<0S3$«T 

&*io%y.T< l zBm-&zttfX'Z. 
m\<z i mm<nn^^tc\ «3SA£ft * zbwx% 

[ o o 3 9 ] a*. jaaHMKRWue-c. hx 

9Mfi-3-=f4 y^SfrttMSStt*. MRS**?*? 
4 I-* ^^£7)l^iia^lTT'*)SSft 1 0 0S~2 5 0 
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&x'3o#^5oftmmmi,x^htz*>. mm* 
[0040] $fee «t«nnKx»xs-c. 

t*7>f hX?/Wffc<9#ffifc&ifcB£2;urn---2 0 0 
umnmZlzB&LX^&t:*). WSMMtKVAYX 

f/U§be>mJi&Jz*<+&zbtfX'*&b$Hz. ffi 

[ 0 0 4 1 ] teiK£#?&5!&HlIg-C. *74 hX 
*/l'®tfflS§£7*i;*/W8£l 87^3 5fc LTV^fc 

[0042] WSMfHS-T'^^hJttStCioT 
Ra* { 5//m~5 0jum x i)tliRmaxA<3 0/<iTi- 
5 0 0/im<^pffl£{;:lT^I>*:i6, fflfflft<0$££ 

e w%.Wft(r>yx-i;i4^<-?hzttfX'%h. 
20 [ 0 0 4 3 ] $ feC ^7 v-A?§sta^ isffism. 

mz. w&m£^*izwFm#A*K*tttixm 

S»WoaS$rfift2 0 0SWTtc^L^* { fe*7-^ 

tfMWh z bvz^&mwgm&zm zbtfx-z 

[0 04 4] ^jS7b-Ajg|tS^^{ii@©a7 
2OOum0)1jCO£m^X^&tzib* MM71/-&X1N 

- mmz®& zbtfx-z i bmz. ■mvv-A.mx 

[0045] Sfefc, SiS7 

[0046] &&yis-^mti&ttMim%7 
is-^mmzm^xxvA hxt^zmmx-rm 
e *y^f y*?mmmb tx. o-i 5Sfi%s 

b, 0~1011%Cu > 0~20Mft%Pb, 0— 3 
' 01i%Zn, m&SnmnSnmKVA hX^;k 4 
^(iO~5 0MS%Sn. 0-2 024%Sb, 0~ 
5. 0fiS%Cu. 0-1. 5M%As. SS*<Pb 
^coPbS^V^f hX^;K 5~151I%Sn. 0. 
'50 5-5. OII^Cu, 2. OfflmiTN 1 . B»A 
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Ktmmtmin o mz. aaswt j: ft 

[0047] «dST, •HW t flW«£»tT*7'f 
[0048] 

[HUM] BT. ±E*Hffe^SfcS^<«lSa5fl*3 

dtttffll ) *fcga#iLT$83 0 0mm, «5 0 0m 
m, Ji§2 5 0mm<0^gJ (SS41 ) HES320 
mm. j|$3 0 0mm<OfflttJg<0ttg3£!£l-J\ 

•y M#l 5) T'T^XbEftS^kg/cm* T'flffi 20 
ffi££RmaX2 5 0/um(;:Ud££, A 
(HP/HVOF) &r)-r>X'hh JP-5000 
*StTtf!74 M^;K9. 011%Sb, 5. 5*4 
%. fcilWSn) («M3 0~1 0 0 

yumtfJJMfcfc) *J8wc 1 2 0 0 m/^OHWBMtC 

HMli3%X'br>t:. 

[0049] mz. zna-T-iyfLtMsmtito 30 
jftMffltffofc. znm&ifmmikvv-TJ y? 
TiyymkvRmn&fm&ZteiQtxmX'b^tz. 

Z<7>ik, n-r-f yflttvj hXfiWMVtmtllk 
mnXlZ <fc 9 R a 0 . 25u m ITfcom S (Cft±t«BX 

[00 50] -?-l/t, £«J:dfcLT»4>*ifcl*gtt& 
NSSHliHtfcfflitfc. MSJBttHMB. 12Cr 
0 Ommg£Ona^iO#S:tttC;fflV^. fflgffiCDffl 40 
E£200kg/cm2 b LT\ NOQIft& 3 . 000 
r pmT'lB*ltK?-?*:. 

[0051] »g*g»f£©>f£*. 1 2 c rmnmzm 

[0052] ZVX o ffitl^WSSUift^SC t ** 

50 
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1 0 

(0£&fe092) $SSS«i:LTlg3 0 0mm. $5 0 0m 
nru H£2 5 0mmW^Si3 (SS4 1 ) {CBS3 2 0 
mm. «§3 0 0mmc7)i}iRa^<7)fttgSSSri6{t, 
«Kffl**IMMSa2: IX7?X MWrC7^S^U 
■vM#15)ty5AMM4kg/cm' t'^ffl 
ffl$^RmaX2 5 0^mtcL^C. itfiS^-Aig 
It (HV0F) a«-Ot»i^tt>hyi»h 

(DJ) iSSt?* 1 ^ M?)K9. 01lft%Sb. 
5. 5Mfi%. &£Vffl$S n ) (&^S3 
0-1 OO//mtf)J3c0$3fc) S-ffl^T8 5 0m/^j@ 
K&STiiatefTV^ 1 5mmcOJf$tC3-r^y^L 

ffco^SSrSft 180 S&lz Lfc . <IOi$c03~f 

[0053] mz, z<r)a-T<y?itc®%mtzm 
M>*xi&&2 o omx-4 5*smwm#ixmm 
mm*?}-?*:, znmmmmmm? -t < y? 
mcoftfimit i . 5%x-h->ti. ttz, wgmtt?- 
t- >-^« t coRwco&ffimmz itisumx-foitz. 

Z<m, a-fjyfLttyj M?/Wf<DHM£flS 
«JBIK J: 0 R a 0 . 25/i mJMT^ffl? fcfthtf flDl 

[ 0 0 5 4 ] * . Z<7)£ d LTfl&*lfc*R«ft 
Sr. Itegfgi&tiSliafcfflo*:. 1 2C r 

^C03 0 0 mmg<7)Rtt^^Srlft(CfflV\ ttSffif)ffl 
ESr2 00kg/cm2 i: VX. W^HlK$r3, 000 
rpmtlW-5it. 

[0055] m%mmm&%. 1 2 c r«iowit«^ 
■f-f yyittwt htfjimizhfsmtz&iozig 

[0056] ^OJ: a (c. flm^nsE»A»1l« i 

■ess. 

(HiSW3)«S««ktT^3 0 0mm, «l5 0 0m 
m, Jf?2 50mmOttffltCit:@3 20mm. ^$3 0 
Ommc^Hft^WttSgP^ISJt. -e^WlSffl^^B? 
®Hlt tr^Xhga-CT/US^'J-yh (#3 0) 
X'77ZhJ£jj£4ks/cmt T'^ffiffl^SrRmaX 
nO^mCUgC, i@^3[7^-A^tt (HP/H 
V0F) a<9-OT-&6 JP-5 OOO^ftf-C^V^ h 
^?/K9. 0li%Sb, 5. 5««%. fcitX^? 
S n ) ?>®m& (S^S3 0~ 1 0 Osimcomm 

m zm^x 1200 m/^nmmm.x'mmnw 

1 5mmcOJI3ta-T-f y^L^c. ^Jt, Mf*lcf* 
5a6BKS»«r«*Wt. «g»«^iaS^gft 1 2 0 

attfc. z<7)m>3-T4y?mcom&ii3%x'& 
it:. 

[00 57] ac, ioa— f-f >^Lfctt5ae»*iD 
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mm*'* ->tz. znmmmmmna-T <v? c o o 5 9 ] 

r-f >/JIfco#ffl<o&t^J¥i?f2:4 0;umT&-3*:. tztbOWMDnUPFglz* 0 . L,a»i*7>f M*/H 

n-r-f y/Lfc*7-f M*/H«>*IH*1I fc«ff09"Sr< . »«aittfcOWtttt>JMJICT*4ft 

[0058] *lt. i^iatfrttttifcHSMifcft [BB«>iB*Criwn 

$■ . «HB»KIMCffli-*fc. lftS^ttlfi®«i. 1 2 C r [01] *»H<^6lt«)--»JB(cffi6«5KBftt 5S^*r 

E^200kg/cm2 fcl/C. «*>|3H6fc3. 000 [02 ] *JMBtf»dt«D-«!Bfcffi6tta»ftS^5^ 

rpmTlB^ofc. IRJBIHtfttSflL 12CrI K»gtafflUfc«^«>-W**rW?H. 

*>ttfc«$**$r< . «*ft* fcjSi [flr^f&HJj] 

fflgon-r-f ^1^*74 M*/WUciflWi:«r l 

I. J; a ft^«^W&iS^«fl§* { &< , Jgftfttttf ft# 2 MSI 

T*-»fc. Lfri>.*i74vx?)vmmitA.mi&L 3 wgmt 

x&t>T. nmLW&hmtx'b^tz. zn&itz. ft 4 mmm 



[01] [02] 




[#&»IE«] 

[ftiiJH] ¥J*1 1*1 0H IB (1999. 10. 
1) 

[#«ME1] 

[WEttft«H«]93We 

[iENffilltDHMI 
[»Ert«] 

[#ttttiE2] 

HfiEtt*ftg&] warn 

[ffiErtg] 
[#HfH!**>SSH] 

[M£ftl] ttfta»fc*7'f M*;^**** 
X. NSSttatt£9£, *7-f h^^HHram- 



3 0mmOJWr**oS»L*#2 omFfcftfcfcigtt 
*VA M ^ftj6«3— r V^SfifcHftBttte** 

3emc*74 h^^^sssi7i/-A««i6*fcJ4a» 

ja^U-A^W^SrfflOT, 350m/#-l 5 0 0m 

jarwww-* z t tmit -rtmax 1 lE&osttsss 

tr9^h«HKJ:-5TRa36«5*nii~50/xm. 2£ 
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It Rm a x 3 0 v m~ 5 0 0 ju mtf0^®ffl$ fcrf 6 £ 

i £#«tt i xtiit 2 te«t^w^gi5iH.<7) 

?Fm#zzfti*mxm%m(Dmzzm0:2 o os 
tbzt tttab-timto 1 ass^ 3 *>», ^-r *ia> 

iwmsmut ix%L?m oum-2 0 ojumo© 

ivmAmmx'hhm^ 1 0 ojk-2 5 ost*3 0 
#-50 &mmmtz z t &mt -ran** 1 e 

$ Z b Sr#® fc f 1 XttlH** 6 IB 

*MBSfcyU*^WKl 8-3 5ttSCJ:5-#Sti:-t 

MBC*?* M**iMH&*fc LT, 0-1 5M% 
Sb„ 0~10M%Cu, 0~2 0M%Pb. 0~~ 
3 0M%Zn. S3Snf(7)Sni*7>f M?/k 
£fcl20~5 0M%Sru 0~2 0M%Sb. 0~ 
5. 011%Cu, 0-1. 5«4%As, gtg&tfPb 
^PbS*?-/ h^^k 5~15M%Sn, 0. 
5-5. 0Ii%Cu. 2. OSfcXJJlTN i . SMS A 

mik -rin&x 1 ji^ras w*r*uwciww>» 

[ffiIE*r#>Jlg£] 00 0 1 
[HiEtf8c] ^ 
[*IIErt$3 
[0001] 

[ME^JIB^] 000 5 



[*§3El*j£3 

[0005] *fc. £<0«ita&L ffjftafc LT***> 

swrnmrnzmtzz t * wint-ri . 

[#^ffliE51 

WBE««SB*3 0 00 6 
[ffliE*a3 35€ 
[UlEftgJ 
[00063 

Slfgfia-T 4 >W*tthWtMnmUfflz 

fcWC, WS««<7)f*Sffit, *"74 M^Mlra 
m~ 3 0 m mOffS ?i)*om&tf 2 0 KJjTFfcaWf K 

sW74 h**/MM*3-f-* y^SfufcHMBffc 
[#^ffliE6 3 

isiem^ss^3 mm 
mm&m%] 0007 

[00073 ^cOct a =5rlSS*ffit Xtlti , HSffl^O 
T**^fL** J 2 0XJaTK«»t}M**ttTa— f -f 
TUn»(Cct l.feft^«sW!ia^fr a Z b K J: 0 , ttSK 

mimmm^] mm* 
mm&msz,) ooos 

[#^ffliE8 3 

[*ijE«^«a«3 B^ffl* 

[ffiE*f*5S«] 0 00 9 

[*tiE^a3 » 
[ffiE*tm«a«3 Bjisim 

[fflI^^S^3 0 0 1 0 
[ffliE*«3 $31 
[«IErtS3 
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c o o i o ] M*ja2fc*t«-r*#wi. msm i k» 

\i.m&y\'-J»&Smim^T. 3 5 0m/B>-15 

o o m/fj.^;saati§it lt . *7-r m?;ko3- 
©i, h^^w-f^v/i^iifs i o 

[#«!«E10] 
[JfiE*tgiS®&] 9&K 
[«IE*fSySg£] 00 11 

[JfiErtg] 

c o o 1 1 ] j; 54Ma*saci<iHr , mmm 
nzMm-t^mcD^mztatx, m*jko3 

ttfX'th. 
[*RffliEl 1] 

ufiE*f*«s(«] B^ai* 
[*e*j*jbb*] 00 12 

[*ErtS] 

[0 0 12] BI*«3t#fiB-f4»Wi. ItSiffll 

Ut, ttgjS«ffi*7*5^H!Slt:J:-jTRa36*5/im 
-5 0/im. 3£fiRmax#3 0;Ltm~5 0 0/zm<9 
*Ha3 

[#iBBiiiE12] 

[*iiE*f*«i£] 9MMF 

[HiE«««B=fe] 00 13 

[*§IErt$] 

[0013] J: o^WUMfeHAtUf . JJEiftRJa 

i xa 2 tzwtn-immmtmtx . mmm. 

HS^Ra 5>u mOT2 ^Rmax3 0// mttTf 
tt«ffi-ffc<03!*tf/h3 < ttttitX+fzMfll L* ^itRa 
5 0 mfelt^fc tiRm a x 5 0 0 u mWtlzTyA h 

5 0m. ££{iRmax#3 0Atm~~5 OOjumOfiH 
fc-* & C t iz X 0 ajHfc*«Hia«* *<%h<r)X\ 

mmi.wzmm?& zttf%<%&t &tz. m%mt 

[#««Ei3] 
iwmm.-m&\ worn 
ifflEttmn*] 0014 

[flfiErtS] 

[0014] ffi£Q4 t*fBt . tS^JS 1 
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SS«£7)iBS5:Sft2 0 0gWT£ft«L : 5r« { £>* , 7'f 
[¥SHfiE 1 4 ] 

imwttmwmz) mm 
imxMMtmz] 0015 

[ffljEftS] 

[ o o 1 5 ] coi a fcwastfcfc jftiar, jjaaa&B 

l^M3<7)V>-nL*H=»l5-tS^HB^ffltJaiT, M 
SSttOiSgfr'SfU 0 0K£8*.*fc«h3£tt#<l»ft: 

^^m^HL-r^if^B^n-r 4 
tiZ^Zbfrt*. W8&M<7)Wmi<z*v4 

«!§»f<Z>i&££gft2 0 0«eiTfc&«L$n& , &*7 

4 v*?]i>zm?-T- 4 y-r-thzuzz.*) , wm 
mmtL%^i.o\,zLx-3-T 4>7m*mmLm< 
t&t&iz. *-74 Yx?)i>t>mw?mmthzt<?>ts: 
^&mM®K3-T4>7m&zttfX'%&. 
imniE 1 5 ] 

HfiBHiUBg*] 0 0 16 

[*Ert*i 

[0016] mm 5 fcttjwaawjii. awwa 1 m. 
w^iKfiHznm-f&miizii^x. ±3.3-7-4 y 

1 0jum~2 0 OjumC^*. XUS8$0>f&*£fflV^ 

[#8ME 1 6 ] 
[ffljE*«ft#»&] 

[ffliEwmjaa^] 0017 
[flirtS] 

[0017] zcr>£ o zwmrntxtM . mmm 
lm^iVLMzttrnthmmmztoix. v& 
Wf-W? i o ^ mjmxni&L? v-^x-^tm^ixm 
<. mm&. T&s&x'^mmxtfx* ■ft.ztsm^mti 1 

-j*m*x-Mk*im<®%y!&tm<ti:h ztfrc 
mmyis-^mm. mmmyis-^mtrnzm^x* 
v*?iv*zi-t 4 yymx-thmzm-wfiio 
o o/xmo*y>f v ivmmsttm^hz 
tizx*). nmyis-^xnamztigKix. «sr, m 
wtcmmxi txmzm mt z t i t 
mz. ^myu-^m^x-mm^ti^<ix. msmrn 
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[*K*tIE17] 

imm.wm,\ mm 

[«iIE*f»JBg£] 00 18 

mm-m) sen 

[ooi8] wmuzttmhwm. wm\ &t 

Y*9lV<mjiL&ffl:XTX'hhmu\ 0 5 OS 

t 3 o ft- 5 o ^simiffists ztsnmbtz. 

[#SMiE18] 
[1fiEttfe&B«] 00 1 9 

[0019] Z<r)£ o KWkimizjLtHi , ±fEa*« 
1 cmt&3&0Ji^ftffl£flnx.T. fifft 1 0 0£*}W. 

3 o^*^^jDf^^T'iitefc^«fix ! ia*^+ 

#fcO?g«;»jt>/KK&9. 4fc8K2 5 0*«li.fc 
ffiBlzmn&XS&tfX-ZlZkfrb. *7-f Y*9A4fi 

iv<msmmTX'h hm& 1 o 0^-2 5 ojg-c-3 0 
#~ 5 0 B^Mfcmri. £ t tck o , ttttftttRwi 

[#3£«E19] 
[fluE*ff»»&] mm* 
[fflIE^«@=S3 00 20 

[0020] IW^7(ci«rt-*#Ditt. l»#JS5X«i 

rnme^u-fixMznmth^mz^x , mm 

IM*2jum~2 0 0jumO»;&fc#jR-f*£i:*1«R 
[#«ME2 0] 

[fliiE»m®a^] wo* 
imiEtmmz,] 0021 

MiErt*] 

[0021] Zcr>£ 3$r«Mri£fcJ:fUf , JJHf*JH 



OHM** 4 *? < . £tz2 0 0umZmz.lW2X'ii& 

mmumnmtfx* zzbfrh, mtasmm 
wx-ngmtitvf vx9)\,mk vmizmm * 2 

/xm~2OO/zmc7)i[§tC^-tl>Ci:fcJ:0, MS£ 
[¥«NfiE21] 

[ffljw^ss^] m 

[«uE*f£JSS£] 0 022 
[ffliErtS] 

[0022] m$*8 !C«iW4lttWi. Iff** 1 . If 

$mxim$m7<?>^-fhMzttmi%BMz}5^ 

'J 1 8~3 5 -fl. i fc fcflftfcf £ 

>m<nm *)\sW& i s*mx\m&w®m%ff 

imfflE2 2] 
IffiEM&mBZ] 0 02 3 
[|ftEl*J§] 

[0023] m%9 fc«l&f ftJfiSWi, ffi$qi 1 rtM 

WBfefcfcLT, 0~15S*%Sb. 0-1011%C 
u. 0~20**%Pb. 0~30M%Zn. SSPS 
n^Sni^h^^k 2Jt«iO~5 0Mft%S 
n, 0~20S*%Sb. 0~5. 0li%Cu, 0~ 

i. 5a«%As, , m®tfPbm<?>Pbm*v4 ym 

5-15fi*%Sn, 0. 5-5. 0Mft%C 
u. 2. 0*«%OTNi. B&BA 1 1 a*"^ 

[#^«CE2 3] 
[ffl]EJta«i=a3 
[«IE*f^JB@=S] 0 0 24 

[ o o 2 4 ] z <r>z. o zm&mizxtiii. urnxm 

lJb^wiKfricttfo^&micDftmiiZMlX. in 
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[WfiE24] 

mmmmzi 0059 



[0059] 



<72>»S# £B * 

F?-A(##) 3J011 DA02 LA01 QA03 SB03 SB04 
SB05 SB15 SB19 SB20 

4K028 CA01 CA02 CA03 CB05 CC02 
CD01 CE02 

4K031 AA02 AB08 BA01 CB18 CB31 
CB37 DA01 EA11 EA12 FA02 
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